Introduction
============

In 2005 Hamburg Medical School started to develop a test of natural sciences (HAM-Nat) as a tool for student admission after a change in federal law allowed German medical schools to select 60% of their student body by admission procedures such as written tests \[[@R1]\], \[[@R2]\].

Until 2008 the Medical Faculty of Hamburg selected candidates solely on the basis of school grade point average (GPA). This is a straightforward approach and GPA is predictive of study success. For the 1986 and 1987 cohorts of medical students Trost et al. \[[@R3]\] reported a correlation of r=.48 between GPA and grades in the written part of the first clinical examination, the correlation for the oral part was r=.34 \[[@R3]\]. In a meta-analysis Trapmann et al \[[@R4]\] report a corrected predictive power of r=.58 for grades in the first section of study. High predictive validity of GPA is also reported in international studies \[[@R5]\] and degree programs other than medicine \[[@R4]\]. In a prospective British study, A-levels showed predictive power for professionalism in the medical field \[[@R6]\].

Nevertheless, GPA as a selective tool is criticized on many accounts \[[@R4]\]:

different standards between schools and federal states make GPA scores incomparable;reliability and validity of GPA are insufficient;there are different standards between teachers and classrooms;predictive power for study success later in the curriculum is weak.

Since a large number of candidates apply for medical school, a high level of GPA is necessary for admission. In the years of 2005-2007 applicants for Hamburg Medical School needed GPA scores of at least 1.6 to 1.7 (a low score means high achievement). As GPA is influenced by the type of school, combinations of subjects, and evaluative standards, using GPA as the only admission criterion raises issues of fairness \[[@R7]\]. Additional selection criteria may compensate for some of the shortcomings of GPA.

Some German medical schools use the \"Test for Medical Studies" (TMS) to complement GPA in selection. This test was mandatory for all applicants to medical school in the years between 1986 and 1996. It includes questions from the field of natural sciences; however, the targeted construct is not knowledge but the ability to study successfully \[[@R8]\]. Correlations of TMS scores and GPA range from r=.37 to r=.48 and the authors conclude that GPA and TMS measure sufficiently separable facets of academic achievement \[[@R3]\]. Predictive power of the TMS is mainly based on four subtests for abilities required in the medical curriculum (medical and scientific comprehension, quantitative and formal problems, text comprehension, diagrams and tables) \[[@R3]\].

Various countries employ tests of subject specific knowledge relevant for the respective courses \[[@R9]\]. Knowledge tests are used for medical school selection in Belgium \[[@R10]\] and Austria \[[@R11]\]. Reibnegger et al. \[[@R12]\] reported an increase of successful students from 23% to 84% after a demanding admission procedure had been introduced at the university of Graz, Austria (mean percentages of three years before and after the admission procedure had been established). Simultaneously the drop-out rate in the first year of medical school decreased from 10% to 1%. The majority of test items were natural science problems similar to HAM-Nat items.

Since 2003 some British medical schools have introduced the Biomedical Admissions Test (BMAT) for student selection. The subtest "scientific knowledge and application" was a useful predictor for examination marks in the first and second year of study \[[@R13]\]. Predictive power of the second part of the BMAT which entails multiple choice items on problem solving, text comprehension, and the interpretation of tables and figures ("aptitude and skill") is considerably lower \[[@R14]\]. In Germany the HAM-Nat is the only testing program for medical school selection focusing specifically on natural sciences.

With the HAM-Nat test a second selection criterion in addition to GPA will be introduced, a criterion that is uniform for all applicants and might be evaluated consecutively. The HAM-Nat is expected to measure knowledge of natural sciences that is relevant for success in the first two years of the curriculum and thereby help to select applicants with good chance to complete the course successfully. Moreover, an excellent HAM-Nat score may compensate for a low GPA score. The internet page of Hamburg Medical School (<http://www.uke.uni-hamburg.de/studienbewerber>) not only offers information about the curriculum but additionally exhibits HAM-Nat test items for a self-test of knowledge in natural sciences. Potential applicants may examine their motivation to study medicine and assess their chances to succeed. Hamburg Medical School deliberately aims at pre-selection by self-evaluation. Preparation for the HAM-Nat is tantamount to a preparation for the first two years of study because the HAM-Nat examines basic knowledge required for the science classes during the first two years of study.

A preliminary version of the HAM-Nat was presented 2006 to a sample of high school students. From this pilot study a first 2006 version was derived and tested with the 2006 cohort of already admitted students \[[@R15]\]. Subsequently, new items were generated for a 2007 version of the test. The existence of two test versions raises the question of test equivalence.

This study attempts to answer this question and will additionally examine retest reliability. We also analyze the effect of a five-day crash course (training in basic chemistry) on HAM-Nat scores and the relation of the HAM-Nat to a test of "scientific reasoning". This test resembles the TMS subtest "medical and scientific comprehension".

Methods
=======

Hampe et al. \[[@R15]\] describe the test development of the 2006 HAM-Nat test form (HN2006). After exclusion of 8 items with low item-total correlations, the HN2006 consists of 52 multiple choice items from mathematics, chemistry, physics, and biology. To create a parallel test form for 2007 (HN2007), high school teachers and university lecturers from clinical and basic science departments generated 60 new items similar in content and structure to the HN2006 items.

Example for a HAM-Nat-question:

Oxidation of an aldehyde yields\...

A\) an ester.

B\) a ketone.

C\) a carboxylic acid.

D\) an alcohol.

E\) an alkene.

Each item presents one correct answer and four distractors, testees have 1.5 minutes to answer each question. The topics covered in the test and some sample items from HN2006 and HN2007 are published on the internet page of Hamburg medical school for self-testing (<http://www.uke.uni-hamburg.de/studienbewerber>).

Test of "scientific reasoning"
------------------------------

The "scientific reasoning" test is similar to the TMS subtest "medical and scientific comprehension" with regard to form and content. Both tests comprise 24 multiple choice items and both were developed by ITB-Consulting. Each question starts with the description of a scientific problem. Subsequently, the testee has to decide which statement out of five options following the text is true. The duration of the test is limited to 55 minutes. Prior scientific knowledge is not needed to answer these questions since the test is designed to measure intellectual abilities relevant to the medical curriculum: comprehension of complex problems and deductive reasoning. Rights to use the test were purchased from ITB-Consulting.

Chemistry course
----------------

The chemistry department of Hamburg University regularly offers this five-day course to first year medical students before the beginning of the term. The intention of this optional course is to level previous knowledge of students. Several parallel courses of 30-40 students are run by tutors. The tutors present topics from senior years of secondary school, e.g. the concept of matter, chemical reaction, and the structure of organic compounds, and afterwards students work on problems. The course's contents are similar to HAM-Nat topics. However, tutors did not teach to the test as they were not familiar with the HAM-Nat.

Study design
============

First testing: Parallel forms
-----------------------------

The HN2006 was divided into two halves A and B of 26 items each. As the test had been accessible on the internet, participants might have known these items. The HN2007 comprises two halves C and D of 30 new items. Each participant worked on two halves from each test version (AC, AD, BC, or BD), namely 26 old items from HN2006 and 30 new items from HN2007 (see Figure 1 [(Fig. 1)](#F1){ref-type="fig"}). Before the second testing, each student had the opportunity to attend the five day training course. Participants stated how many days of the course they attended.

Second testing: Retest and test of "scientific reasoning"
---------------------------------------------------------

Participants were randomly assigned to two groups. Four weeks after the first testing 96 participants took the complete HN2007, meaning test halves C and D. Therefore, they had already answered one half of the items while the other half was unknown. The following week, the second group of participants (N=91) took the subtest "scientific reasoning". The test was conducted by our study group and invigilated by members of faculty. The "scientific reasoning" test was specifically conducted for this study, irrespective of the official, nationwide testing of the TMS.

Participants
------------

All students of the 2007 cohort were offered study participation in the first semester orientation week. Study participation was voluntary, and all students gave written informed consent. 316 students (77% of the cohort) agreed to participate (see Figure 1[(Fig. 1)](#F1){ref-type="fig"}). One third of the sample was male, two thirds female which corresponds to the distribution in the total cohort. The mean secondary school GPA was 1.8. The second test was conducted in a compulsory class during the first term. As opposed to the participation in the orientation week, many attendees were not willing to retake the test. Results of the first and second testing could be matched for 170 students (54% of the original sample). No significant differences regarding GPA and gender distribution were found between the group of test repeaters and those who denied the retest. 91 participants worked on the "scientific reasoning" test and 79 wrote the HN2007 again. The effect of the chemistry course can be evaluated with data from 52 students, who took the HAM-Nat twice and stated the number of days that they attended the course. 15 students stated they had attended 3 or fewer days, while 37 attended more than 3 days.

Statistical analysis
--------------------

Parallel forms reliability requires true values and error variances to be equal. Equal means and distributions of data, as well as a high correlation between test versions, indicate high parallel forms reliability. Retest reliability assumes that between two assessments the participants' true scores are constant as is measurement error. It reflects the degree in which repeated measurement with a certain measure on the same population reveals according results.

Pearson correlations are calculated to quantify parallel forms reliability and the correspondence of HAM-Nat and "scientific reasoning". Retest reliability of HN2007 was assessed by means of Spearman's rank correlation coefficient.

Cronbach's α is the expected value of a correlation of two randomly selected item sets (of k items) from the universe of all possible items for the measured construct. If HN2006 and HN2007 are parallel forms, the correlations of test halves must be as high as their internal consistencies. If the correlations are different in size, the item set is either drawn from different item universes or items are not randomly selected.

A general linear model (GLM) of HN2006 and HN2007 total scores was employed, with "test version" as a repeated measurement factor (within subjects factor) and "group" (AC, AD, BC, BD) as a between subjects factor. A significant repeated measurement factor means that test versions differ in difficulty, while significant interaction effects with group point to differences in test halves within one test version.

To estimate the effect of the chemistry course on chemistry test item performance, the variable "attendance at the course" was dichotomized (0-3 vs. \>3 days) and included in a new model as a between subjects factor as well as the within subject factors "items separated by subject" (chemistry vs. other questions) and "time" (first testing vs. retest). PASW 18 for Windows \[[@R16]\] was used for these analyses.

Results
=======

Internal consistency and parallel forms reliability
---------------------------------------------------

Inter item correlations for all scales ranged from r=-.22 to r=.53 (mean: r=.06), internal consistencies from α=.56 to α=.69 (see Table 1 [(Tab. 1)](#T1){ref-type="fig"}), and parallel forms correlations from r=.53 to r=.67 (see Table 2 [(Tab. 2)](#T2){ref-type="fig"}).

Retest reliability
------------------

Retest reliability was calculated for HN2007. Pearson's rank correlation for test half C was r~tt~=.52 (n=46), for test half D r~tt~=.61 (n=34) (see Figure 2 [(Fig. 2)](#F2){ref-type="fig"}). The corresponding Pearson correlations were r~tt~=.54 and r~tt~=.56. Some participants scored considerably worse in the retest as compared to the first testing. Exclusion of 9 participants with retest scores below 6 did not raise the correlation coefficient (test half C r~tt~=.45, n=39; test half D r~tt~=.61, n=32), even though Figure 2 [(Fig. 2)](#F2){ref-type="fig"} might suggest such an effect.

Differences between test versions HN2006 and HN2007
---------------------------------------------------

The general linear model (GLM) gives a more detailed look at differences between test versions. A GLM with the factors "test version" (HN2006 vs. HN2007) as a repeated measurement factor and test half (A or B vs. C or D) as a between subjects factor showed that significantly fewer HN2007 items were solved correctly as compared to the HN2006 version (38.5% vs. 45.2%, F~1,312~=101.5; p\<.001). While all participants scored equally high in both test halves of version HN2006 (F~1,312~=2.3; p=.128), test half D was more difficult than test half C in the HN2007 version (35.1% vs. 40.6% correct answers, F~1,312~=11.4; p=.001). Gender, included as a between subjects factor, had no significant effect on performance in the different test versions (F=.468, p=.495), even though males showed higher total scores as compared to females (44% vs. 40% correct answers, T=-2.64; p=.009).

Effect of the chemistry course
------------------------------

Scores of the first and second testing were analyzed separately for chemistry and other items (biology, mathematics, and physics) to check the effect of the chemistry course on performance. Fewer chemistry items were answered correctly as compared to items from the other subjects (35.8% vs. 43.4% correct answers, F~78,1~=25.6, p\<.001). There was neither an improvement nor a decline of HN2007 test results after the course, not even chemistry items were answered correctly more often (interaction effect: F~1,78~=0.26; p=.610). The dichotomized variable "days of participation in the course" (0-3 vs. 4-5 days of attendance) showed no significant effect on HN2007 total scores (F~1,50~=2.4; p=.124) or chemistry scores (F~1,50~=0.1; p=.759). The sample for this analysis is reduced to n=52. Including gender in the model yielded no significant interaction effects (all p\>.289).

Publicity of test items
-----------------------

In the retest condition, participants had already seen half of the HN2007 items, while the other half was new. Known items were not significantly more often answered correctly as compared to the first test (41.5 % 40.1 %; F~1,50~=0.4; p=.543). Exclusion of participants with very low retest scores did not alter results.

Correlation of HAM-Nat and GPA
------------------------------

Correlation coefficients for HAM-Nat and GPA scores ranged between r=-.34 and r=-.13 (see Table 1 [(Tab. 1)](#T1){ref-type="fig"}) for the different versions (mean correlation r=-.24). GPA and the test "scientific reasoning" showed a correlation of r=-.11 (n=90).

Correlation of the HAM-Nat and "scientific reasoning"
-----------------------------------------------------

The correlation of the subtest "scientific reasoning" and HN2006 test halves A and B were r=.34. Correlation coefficients for HN2007 test halves C and D were r=.19 and r=.23, respectively (see Figure 3 [(Fig. 3)](#F3){ref-type="fig"}). For the combined test halves HN2006 (A+B) and HN2007 (C+D) the correlation coefficients were r=.34 and r=.21. The two coefficients did not differ significantly (p=.350; test with Fisher's z \[[@R17]\]).

Discussion
==========

Results can be summarized as follows:

Significantly more old HN2006 items were solved correctly as compared to new HN2007 items, and taking HN2007 twice did not improve test performance.HN2006 and HN2007 did neither differ with regard to their internal consistencies nor with regard to their correlations with a third test "scientific reasoning".Internal consistencies of the different test versions were not significantly different from the correlation between test halves (parallel forms reliability).

Why is the HN2006 easier than the HN2007? Maybe some participants were familiar with the old test items due to their publication on the internet. However, we assume that participants did not prepare for the test because they had already been admitted to medical school and nothing was at stake. We do not know how many students took the internet self-test. However, taking the HN2007 twice within a four week period did not lead to better results. Why should the supposedly infrequent visit of this internet page have an effect? It is more likely that test developers produced more difficult items.

On the one hand, varying difficulties of HAM-Nat test forms are not problematic since the purpose of the test is to rank applicants in a combined score of HAM-Nat and further admission criteria (GPA, further tests). As long as tests produce the same rank ordering, they are exchangeable. However, a test used for student selection should exhibit a profile which is constant over different cohorts.

Rank correlation coefficients are a measure of reproducibility. For test halves C and D of the HN2007 they were r=.52 and r=.61. These are not very high values given that participants had seen the same items four weeks prior to the second testing. This low level of reproducibility might be due to an important source of error which applies to the whole study design: since stakes were low, test score variation is not only due to differences in knowledge but also to differences in test motivation. This is especially true for the retest condition with just above half of the sample taking part. At this time point, participants were busy with the first weeks of the term. Therefore, the low retest correlation is probably an underestimation.

The especially low performance in chemistry items could be explained by the fact that most German schools introduce chemistry classes later into the curriculum than other natural sciences. Moreover, more students drop this subject in sixth form as compared to other science classes. If, for example, biology is dropped in sixth form, pupils still have had more years studying biology as compared to the scenario where chemistry classes are dropped. Offering a training course in chemistry seems worthwhile. But why did we not see better results in the chemistry items of the HAM-Nat retest? For this part motivation to do well is very important and probably participants were not motivated enough. Another explanation could be that HAM-Nat items covered knowledge which was not taught in the course. This finding draws attention to the process of writing items. New items should correspond to the typical teaching material that applicants use for test preparation. Only if this is the case, test preparation can improve chances to be admitted -- one of the intended effects of the HAM-Nat. To improve further versions of the HAM-Nat test, a list of topics was published in 2008 to help applicants with their preparation. All subsequent HAM-Nat items can be reliably assigned to one or more topics of the list of subjects.

HN2006 items had been preselected by item total correlation in a first test run which was not the case for HN2007. This might explain the slightly smaller -- yet insignificant -- internal consistency of HN2007. To check this, we excluded items with corrected item total correlations \<.10 from both scales and recalculated internal consistencies. HN2006 contained merely 5 items below .10 while HN2007 contained 15 items that had to be excluded. After exclusion of these items, internal consistencies for all test halves amounted up to values between .60 and .70. Therefore, internal consistencies are only slightly higher than correlations of test halves, and we cannot reject the null hypothesis that both tests are drawn from the same item universe and that they are randomly selected from this universe.

We expected correlations of the HAM-Nat and the external criterion "scientific reasoning" to be low as the "scientific reasoning" is targeted on ability to reason and intelligence while the HAM-Nat test is targeted on knowledge and application of knowledge.

Even though the test versions HN2006 and HN2007 only differ with regard to the number of correctly solved items, results indicate that it is difficult to develop parallel test forms for knowledge of sciences. Erroneously assuming that test forms are parallel (beta error) at this stage of test development is more harmful than the contrary error.

Despite many actions to prevent that items are made public, new items have to be written every year. However, a certain proportion of old items with good psychometric properties should be reused to raise test quality and to estimate equivalence of new test versions. The larger the item pool, the more items can be reused. Methods that are able to estimate sample independent test characteristics should be used for subsequent HAM-Nat test versions. Models within the item response theory (IRT) framework \[[@R18]\] allow comparisons across different test versions and cohorts of students. Therefore, the aim of our project is to assemble a pool of validated items.
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